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Abstract. – A 3-D model of the Paris basin was constructed to reconstitute its 248 m.y. geologic history from the Trias
to the present. The model is based on detailed stratigraphic and lithographic data from about 1,100 petroleum drillings.
Its scale is regional and it covers a surface area of 700,000 km2, which exceeds the present extent of the basin in order to
allow the paleogeographic evolution of the European plate to be taken into account. The geological history is simulated
with the numerical model NEWBAS from the Ecole des Mines de Paris.
The model simulates sedimentation, erosion, compaction, fluid flow and processes of solute and heat transport.
The objective of this article is to demonstrate the value of this type of modelling for estimating and quantifying the role
of fluid circulation in geological processes. Studies of diagenetic cements in the Dogger and Keuper aquifers in the
Paris basin have often led their authors to consider the involvement of regional fluid circulation. These studies provide
estimates of paleotemperature and paleosalinity which impose constraints on the modelling but the latter may, in turn,
contribute to date the events and estimate the relevant processes. By reconstructing heat and salt transport, as proposed
in this article, it is therefore possible to define the influence of hydrodynamics on these processes. The history of heat
and salt in the basin is shown at various stages on a representative NW-SE cross-section of a present-day flow line
which is also valid for Tertiary times. We demonstrate that the role of hydrodynamics may be predominant for salt trans-
port by gravity-driven flow, which explains the salinity increase in the Keuper aquifer and the role of the Bray fault in
the salinisation of the Dogger. Although the heat transport is dominated by the conductive component, it is also influ-
enced by the hydrodynamics with a possible convective cooling effect when the head in the aquifers increased at the end
of the Tertiary erosion period. This may partly explain the higher temperatures, deduced from fluid inclusions in the
Keuper, at the end of the chalk deposition as compared to present ones. According to our simulations, the early Tertiary
is the period most compatible with the diagenetic observations for thermal (maximum burial and convective cooling ef-
fect) and chemical reasons (topography allowing migration of brines in the Keuper and the Dogger).
Modélisation 3D des transports de sel et de chaleur au cours des 248 Ma d’évolution
du bassin de Paris : implications diagénétiques
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Résumé. – Un modèle de bassin 3D a été développé sur le bassin de Paris, reconstituant ses 248 Ma d’histoire géolo-
gique depuis le Trias jusqu’à l’actuel. Cette modélisation s’appuie sur une base de données stratigraphique et litholo-
gique détaillée constituée d’environ 1100 forages pétroliers. Ce modèle, d’échelle régionale, couvre un domaine de
700 000 km2, plus vaste que l’extension actuelle du bassin, afin de prendre en compte l’évolution paléogéographique de
la plaque européenne. Cette histoire géologique est simulée à l’aide du modèle numérique NEWBAS de l’Ecole des Mi-
nes de Paris.
Le modèle simule la sédimentation, l’érosion, la compaction, les écoulements de fluides et les processus de trans-
port de solutés et de chaleur. L’objet du présent article est de montrer l’intérêt d’une telle modélisation pour l’estimation
et la quantification de l’importance des circulations de fluides dans les processus géologiques. Les études sur les ci-
ments diagénétiques des réservoirs Dogger et Keuper du bassin de Paris ont souvent conduit leurs auteurs à invoquer des
circulations de fluides régionales. Ces études, qui fournissent des estimations de paléotempératures et de paléosalinités,
apportent des contraintes à la modélisation, mais en retour la modélisation peut apporter un calage dans le temps de ces
événements et une estimation des processus pertinents. La reconstitution des transports de chaleur et de sel proposée
dans cet article permet ainsi de cerner l’influence de l’hydrodynamique sur ces processus. L’histoire thermique et saline
du bassin est présentée à différentes étapes sur une coupe NW-SE représentative d’une ligne d’écoulement actuelle éga-
lement valable au cours du Tertiaire. On montre l’importance de la paléotopographie pour expliquer les fortes salinités
dans les réservoirs et le rôle de la faille de Bray pour l’évolution de la salinité dans le Dogger. Le basculement et l’éro-
sion de la base tertiaire crée un écoulement gravitaire qui se substitue au régime d’écoulement en compaction, permet-
tant ainsi la migration de saumures depuis la formation salifère à l’est du bassin vers les réservoirs du Keuper à l’ouest.
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La recharge des aquifères aux affleurements et la mise en charge des systèmes permet une migration ascendante des
eaux salées depuis le Keuper vers le Dogger en considérant une perméabilité plus importante au niveau de la faille de
Bray. Bien que dominé par la composante conductive, le transport de chaleur est également influencé par l’hydrodyna-
mique avec un effet de refroidissement convectif possible lors de la mise en charge des aquifères à la fin de l’érosion
tertiaire, pouvant expliquer une partie de l’excès de température déduit des inclusions fluides du Keuper entre l’état
thermique à la fin du dépôt de la craie et l’actuel. D’après nos simulations, la base du Tertiaire est la période la plus
compatible avec les observations diagénétiques, pour des raisons thermiques (maximum d’enfouissement et effet de re-
froidissement convectif) et chimique (topographie favorable aux migrations de saumures dans le Keuper et le Dogger).
INTRODUCTION
The Paris basin (fig. 1) is an intracratonic basin formed by
the collapse of the Hercynian chain that began in the late
Carboniferous. It evolved on a basement structured by
faults [Mégnien and Mégnien, 1980 ; Curnelle and Dubois,
1986] some of which extended into the covering layers and
were reactivated during the Meso-Cenozoic period, thus
controlling in part the subsidence. During the Permian, the
thermal structure of the crust seems to have controlled the
subsidence in the basin since thermal subsidence is pro-
posed as the major signal recorded by the sediments [Brunet
and Le Pichon, 1982]. However, Guillocheau et al. [2000]
show that the Paris basin accurately recorded the deforma-
tion of the West-European plate, generally extensive from
the Trias to the lower Cretaceous and subsequently gener-
ally compressive until the present. The deformations, conse-
quences of kinematic re-organisations, mark the different
stages of opening and closing of the Tethys and Atlantic
oceans and perturbed the long-term thermal subsidence by
accelerating or decelerating its rate over periods of 10 to
40 m.y. The deformations may have considerably influ-
enced the evolution of the fluid circulation inside the basin
by giving rise to changes in the hydrodynamic boundary
conditions. Episodes of immersion and raising of the relief
may increase the head in the aquifer systems thereby chang-
ing not only the nature of the flow (gravity-driven, compac-
tion) but also the chemical composition of the fluids which
can be recorded by geochemical markers. Traces of these
chemical changes may be conserved in the fluid inclusions
of the diagenetic cement thus imposing constraints on the
modelling of paleocirculations.
Paleotemperature and paleosalinity data were collected
by means of micro-thermometric analyses of fluid inclu-
sions in quartz and dolomite cements from the two major
aquifers of the Paris basin, i.e., the Dogger and the Keuper.
The homogenisation temperatures of the two-phase fluid in-
clusions in quartz overgrowths range between 70 and
125 oC [Spötl et al., 1993] and between 75 and 130 oC
[Demars and Pagel, 1994 ; Demars et al., 1996]. The ho-
mogenisation temperatures in the dolomitic cement are
higher than in the quartz cement : 90 to 140 oC [Demars and
Pagel, 1994], 70 to 140 oC [Guilhaumou, 1993] and 90 to
140 oC [Matray et al., 1989]. Mean temperatures are always
higher than present ones which has been explained in sev-
e r a l wa y s : ( 1 ) a b l a n ke t i n g e ff e c t b y t h e c h a l k
[Guilhaumou, 1993], (2) a higher surface temperature dur-
ing the Cretaceous, (3) a greater thickness of the strati-
graphic column preceding an erosion period and (4) an
advective effect of heat dissipation during the head increase
in the aquifers [Gaulier and Burrus, 1998].
The paleosalinity of the fluid inclusions is very variable
in the quartz cements (2.9 to 21.3 wt % NaCl equivalent)
[Demars and Pagel, 1994 ; Demars et al., 1996] and in the
dolomite (6.9 to 21.8 wt % NaCl equivalent) [Matray et al.,
1989 ; Guilhaumou, 1993 ; Demars and Pagel, 1994]. To ex-
plain the past high salinities, some authors have proposed
that gravity-driven circulation raised the heads in the aqui-
fer systems during a general tilting of the basin thus gener-
ating a migration toward the Keuper aquifer of saline
solutions from the halite formation of “lower iridescent
marl” in the east. Concerning the Dogger, advective upward
movements of brine through the Bray fault have been pro-
posed and defended. Is there a coherent explanation for all
these observations ?
A 3-D model of the Paris basin was built on the basis of
litho-stratigraphical, hydrogeological and geochemical data
in order to reproduce the evolution of the basin from the
Trias to the present. The aim of this article is to examine the
relationship between hydrological processes and the tec-
tonic-sedimentary evolution of the basin. To this end, we
endeavour to clarify the role of the fluids by constructing a
geodynamical and hydrogeological framework compatible
with the orders of magnitude of salinity and temperature
proposed for the centre of the basin. Is the model capable of
reproducing the fluid circulation commonly proposed in
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FIG. 1. – Simplified geological map of the Paris basin established on the
basis of isochronous surfaces from the stratigraphic database ; it also
shows the faults taken into account in the model and the AB cross-section
line in figures 4, 6 and 7.
FIG. 1. – Carte géologique simplifiée du bassin de Paris établie à partir
des surfaces isochrones de la base de données montrant également les fail-
les prises en compte dans le modèle et le trait de coupe AB des figures 4, 6
et 7.
diagenetic models and provide the time constraints on these
processes ?
METHOD AND APPLICATION OF THE 3D
MODEL OF THE PARIS BASIN
NEWBAS is a 3D basin model, i.e., a numerical tool capa-
ble of reconstructing the evolution of sedimentary basins
and its associated processes such as sedimentation, compac-
t ion , eros ion, f lu id f low, mass and heat t ranspor t
[Belmouhoub, 1996 ; Bruel et al., 1999]. There are other
similar models [Bethke, 1985 ; Ungerer et al., 1990 ; Per-
son et al., 1998].
Whether they are 2-or 3D, the major inputs to these
models are :
– a description of the present geometry and lithology of the
modelled domain ;
– parameters for each one of the laws of compaction and of
variations in hydraulic and thermal conductivity associated
with each lithofacies taken into account ;
– one (or several) geological evolution scenario(s).
Whereas the last two points differ very little between a
2-and 3D model, the first one introduces a greater degree of
complexity in the modelling. It requires the introduction of
a three-dimensional geometric and lithologic model. The
3D feature makes the model able to describe more accu-
rately the fluid flow whose main direction may have
changed in the course of time. This greater accuracy also
applies to the heat and salt transports through their
advective components.
Definition of the domain and discretisation
Paleogeographic reconstructions [Ylmaz et al., 1996 ;
Dercourt et al., 2000] show that, in the course of its history,
the Paris basin has often been only a part of a much larger
immersed area. The continuity between the Paris and Lon-
don basins is an excellent example. The first real Paris basin
with a central subsidence zone appears with the “grès à
roseaux” sandstone facies of the Upper Keuper. Until this
period, the Paris basin was only the western part of the Ger-
man basin. Later, in Jurassic times, a vast marine domain
extended across Europe. The scope of the model takes the
best possible account of these paleogeographic variations in
order to prescribe boundary conditions that are as geologi-
cally significant as possible. The boundaries, which there-
fore stretch far beyond the present extent of the Paris basin,
pass across thresholds, zones of lesser subsidence and
paleogeographic boundaries. The domain defined in this
manner covers a maximum surface area of 700,000 km2
(fig. 2). The grid imposed on each of the layers of the model
is then constructed : it consists of nested meshes in the XY
plane with a basic 20 × 20 km mesh, progressively refined
to 10, 5 and finally 2.5 km square, thus following the major
structural lines of the basin (fig. 2). The faults are then
treated geometrically by shifting the meshes vertically and,
for the hydrogeology, by modifying the permeability ac-
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FIG. 2. – Maximum extent of the simulated domain represented on the DEM. The grid of nested meshes (20, 10, 5 and 2.5 km square) is refined toward
the Paris basin and the main structural features.
FIG. 2. – Domaine maximal simulé représenté sur le MNT. Le maillage emboîté (20, 10, 5 et 2,5 km) illustre un raffinement vers le bassin de Paris sensu-
stricto et les principaux accidents structuraux.
cording to the direction of the main stress. The Z direction
is described by a variable thickness over time of the geolo-
gical layers at each node. In 3D, the basin is thus discretised
into parallelepipeds whose thickness varies during a calcu-
lation in finite volumes.
Geometrical and lithological model
Correlations, in the sequential stratigraphy sense, extracted
from a database of over 1,100 petroleum well-logs have
made it possible to identify isochronous surfaces or time
lines (maximum or minimum inundation). The boreholes
are distributed throughout the basin except on the outcrops
of each layer but are densest in the centre. The identified
time lines make it possible to describe the 3D geometry and
its potential relationship with the geodynamic evolution
[Guillocheau et al., 2000]. 19 time lines were extracted
from the stratigraphic database. Together with the topo-
graphic surface and the bedrock, they constitute the 20 geo-
logical layers in the model (fig. 3). Stratigraphic data from
the literature were used for the areas outside the present ba-
sin limits [Geyer and Gwinner, 1968 ; Sellwood et al.,
1986 ; Baldschuhn et al., 1996]. These data, which are less
precise than those from the centre of the basin, are used for
the portions where less precision is acceptable because only
the outputs concerning the Paris basin in its strictest sense
can be validated.
The thicknesses deduced from the database and the lit-
erature are interpolated on the grid. The interpolated thick-
nesses are then combined with the basement surface, the
present topographical surface provided by the digital eleva-
tion model (DEM) and the geological map of the domain
which determines the geographical extent of the various
layers. Thus, one obtains a 3D image of the basin geometry
discretised over the domain of interest.
The database also contains lithological data in the form
of percentages of lithological units with a sand/clay/lime-
stone/chalk/salt base. It is quite practical to use two ternary
d iagrams whose poles a re sand/c lay / l imes tone or
sand/clay/chalk to define the lithofacies that are used to de-
scribe the basin lithology. Each diagram is then subdivided
into 9 sub-domains whose central points are representative
of the lithofacies in question (see caption fig. 4). An addi-
tional lithofacies is defined as a marl-salt association for the
Keuper. The percentages are interpolated on the finest grid
(2.5 km) by kriging on the Paris basin in its strictest sense.
The interpolated points correspond to a sub-domain of the
diagrams and a lithofacies is then attributed to each mesh.
For the English and German domains, a mean lithology was
introduced by interval. Of 19 possible lithofacies only 13
are actually represented after the interpolation. Each
lithofacies is then given properties for the calculation of the
hydrodynamics, mass and heat transport and compaction
which constitutes the second major input described above.
Figure 4 shows these lithofacies in cross-section.
Geological scenario
The geological scenario represents the present understand-
ing of the geological, geodynamic and tectonic evolution of
the basin whose history one tries to reconstitute. It includes
the paleogeographic evolution, which is simplified for mod-
elling purposes and reduced to the area of sedimentation
whether marine or continental. The paleotopographic and
paleobathymetric evolution is taken into account by intro-
d u c i n g m e a n e l eva t i o n g r a d i e n t s b a s e d o n t h e
paleogeographic reconstruction [Gonçalvès, 2002]. This
represents a fairly crucial point in the modelling because by
introducing topographical gradients, one takes into account
a potential change in the flow regime over time. Gravity-
driven flow may be added to, or even replace, the flow
linked to compaction potentially increasing the heads in the
outcrop zones through recharge by meteoric water.
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FIG. 3. – Stratigraphic scale showing the 19 time lines of the model outli-
ning the 20 geological layers. The mean proportions in pole lithologies of
the layers taken from the database and the locations of the major aquifers
are also shown.
FIG. 3. – Echelle stratigraphique montrant les 19 marqueurs du modèle et
limitant les 20 couches géologiques. Une représentation des proportions li-
thologiques moyennes de la base de données par intervalle ainsi que les
aquifères principaux sont figurés.
The simulations also account for the tilting and erosion
episodes in the basin. Two major phases were considered in
accordance with the results obtained by Guillocheau et al.,
[2000] : an initial erosion at the end of the lower Cretaceous
(121-112 Ma) and a second one in the early Tertiary (65-
50 Ma). The first event of lithosphere deformation and ero-
sion brought the basement of the Armorican massif to the
surface as well as those of the Central massif and the
Brabant-Ardennes zone due to the SW-NE compression
linked to the opening of the Bay of Biscay. The second ero-
sion event allows the model to recreate the present state,
i.e., the geometry in concentric “rings” whose age increases
toward the periphery. The intensity of the second erosion
event affecting each layer is deduced from the interpolation
of the thickness in the zones where these layers no longer
exist.
Finally, in the absence of any clear geodynamic clues, it
was decided to keep the geothermal flux at the bottom of
the sedimentary series constant over time but geographi-
cally variable. Here, we used the map of thermal flux by
Gable [1979]. The surface temperature is variable over
time, rising during the Cretaceous and falling during the
Tertiary [Burrus, 1997].
Preliminary simulation stage : the backstripping
The backstripping method [Sclater and Christie, 1980],
commonly used in sedimentology to quantify the fraction of
subsidence linked to the sediment load, is used in the initial
stage of the simulation. By applying the laws of compac-
tion, one can determine the evolution over time of the thick-
ness of the stratigraphic column and thus reconstruct the
basin geometry. To do this, we attributed to each lithofacies
an empirical law of porosity versus depth taken from previ-
ous work [Demongodin, 1992 ; Burrus, 1997]. The 3D ge-
ometry is recreated while taking into account additional
thickness due to erosion, which indicates the sedimentation
and erosion rates, and past geometries which are recon-
structed in the course of the simulation. In the simulations,
the porosity-depth laws were converted into porosity-effec-
tive stress which was calculated by the model.
This initial procedure then makes it possible to model
the 248 m.y. geologic evolution of the Paris basin and its as-
sociated processes with a time step of 250 ky.
SIMULATION RESULTS
Hypotheses and calibration of the simulations on the
present
Data of hydrodynamic and physical-chemical properties
(pressure, temperature, permeability, porosity, salinity)
were obtained from the Service de conservation des
gisements d’hydrocarbures, French Department of Industry.
These data were used to constrain the permeabilities calcu-
lated by the model and to validate the hydrodynamics calcu-
lated for the present from observations of pressure. Despite
the scale problem inherent in the regional nature of the
model, the agreement between the simulated piezometric
maps and those in the literature is satisfying [Gonçalvès et
al., 2003].
Thermal calculation
The thermal calculation was made by means of heat
advection-conduction with a time-constant basal flow. No
heat source inside the sedimentary cover was taken into ac-
count. A law of geometric composition was used for the
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FIG. 4. – Geological cross-section with the lithology extracted from the 3D geometry model. This cross-section represents the present-day grid used in the
calculations. In the legend S : sand, Cl : clay, C : carbonate, Ch : chalk.
FIG. 4. – Coupe géologique avec l’habillage lithologique issu du modèle 3D géométrique. Cette coupe représente le maillage à l’actuel tel qu’il est utilisé
dans les calculs du modèle. Dans la légende S : sable, Cl : argile, C : calcaire, Ch : craie.
equivalent heat conductivity of each lithofacies and the po-
rous medium (solid matrix and porosity) [Gaulier and
Burrus, 1998].
The data used for the calibration on the present thermal
r eg i m e w e r e t h o s e c o l l e c t e d i n p r ev i o u s s t u d i e s
[Demongodin, 1992 ; Gaulier and Burrus, 1998]. They con-
sist of temperature profiles on old petroleum wells and Gaz
de France wells. The calibration is done by an inversion
method : the gradient method. It is iterative and consists in
changing the parameter vector at each iteration (here it is
the basal flow, lithologic-pole conductivities or surface tem-
perature) so as to decrease the quadratic deviation between
the simulated and calculated values on the profile in ques-
tion (fig. 5). The method is used on the last time step of a
simulation until a minimum deviation is reached. The opti-
misation is constrained to keep it within the range of the ex-
perimentally determined conductivities and within an error
range of 10 % of the geothermal fluxes as compared to pre-
vious studies [Gable, 1979 ; Demongodin, 1992].
Salt transport
The salt transport is solved by the classical advection-dis-
persion equation without a source term. It is assumed that
the salt transported within the basin comes exclusively from
the Lower Keuper salt-bearing formation of the “marnes
irrisées” (T1T2 interval of the model) in the eastern part of
the basin. The meshes of this layer that contain the salt-
bearing formation, are given a prescribed concentration, a
saturation concentration calculated as a function of the tem-
perature. The density of the fluid then depends on the tem-
perature, the pressure and the salinity [Bethke et al., 1993].
A concentration of 38 g/l is prescribed on the emerged-sur-
face meshes and one of 0.1 g/l on the immersed ones.
The calibration of the salt transport concerned its
advective aspect, i.e., the vertical and horizontal permeabil-
ity, as the diffusion term was assumed to be relatively con-
stant between 10–10 and 10–11 m2.s–1. The salt transport was
fitted to reproduce the maps of present salinity in the
Dogger (DacD1) and the upper Keuper (T2L1) found in the
literature [Wei, 1990]. Concerning the Dogger, the calibra-
tion made it necessary to increase the vertical permeability
by one order of magnitude in the underlying aquitards at the
Bray fault which would allow advective upward movement
from the Keuper aquifer [Wei, 1990]. In the Keuper, the salt
transport implies a vertical upward movement by one layer
followed by a westward migration. In order to reproduce
this migration, it was necessary to affect a permeability in
the order of 10–8 m.s–1 to the most marl-rich sections that
separate the salt-bearing formation from the Keuper aquifer
[for the geometry, see Mégnien and Mégnien, 1980].
Thermo-haline evolution
The heat and salt transport is calculated by advection-dis-
persion. The advective term is extremely sensitive to the to-
pography because the latter may raise the head in the
aquifers and thus create a gravity-driven flow along the
strata. This is the reason why particular attention was paid
to the paleotopographic evolution of the basin. The two pe-
riods of uplift and erosion that were taken into account in
the simulation seem to have been favourable to brine migra-
tion. This hydrodynamic mechanism, already discussed in
the case of the present salinity of the Keuper, has been pro-
posed in the literature as an explanation for the high salinity
deduced from analyses of fluid inclusions in the diagenetic
cement of the Keuper [Spötl et al., 1993]. These authors
suggested that, during episodes of tilting and erosion of the
basin, the increased head in the aquifers provided a driving
force for salt migration from the salt-bearing formation in
the east to the sandstone aquifers in the western part of the
basin. They placed this event at the Jurassic-Cretaceous
transition which agrees with the smectite-illite dating
[Mossmann et al., 1992]. A previous sensitivity analysis of
the modelling discussed here, which concerned the
paleotopography, showed that this mechanism might, in
fact, reproduce a salinisation episode of the sandstone aqui-
fers but during a different period from the one proposed pre-
viously [Gonçalvès et al., submitted]. In the light of a more
recent study by Guillocheau et al. [2000] and for thermal
reasons, we would rather associate this salinisation with the
uplift in the late Cretaceous-early Tertiary. We show that
the arrival of brines in the Keuper sandstone aquifer during
the Tertiary, as calculated by the model, actually represents
the first real salinisation of the system during its geologic
history. These results are consistent with the evolution of
salinity inferred from fluid inclusions in the Keuper as pro-
posed by Worden et al. [1999].
The topography at the beginning of the Tertiary caused
the westward migration of the brines parallel to the strata
of the Keuper ; this topographic effect was accompanied
by an increase in head and a recharge of the aquifers,
which created an intrusion of meteoric water into the sys-
tem. A quantification of the extent of the salt plumes is
proposed here.
The results of the simulation of the salinity history of
the basin are shown in figure 6. In order to facilitate the rep-
resentation, the results are presented on cross-sections with
an overall SE-NW direction along a present-day major flow
line which may have been the same during the Tertiary (AB
line, fig. 1). These cross-sections are shown at different
stages of the simulation and, for the sake of clarity, the geo-
logical layers are shown as continuous lines and not
discretised into rectangular meshes.
Figure 1 demonstrates the topographical effect. When
its is fairly weak, the salinity contour lines show a relative
or complete vertical stratification. This is, for example, the
case for the 180 Ma and 162 Ma periods. The uplift and ero-
sion episodes (121-112 and 65-50 Ma) provided the flow
with a gravity-driven momentum which drove the salt west-
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FIG. 5 – Correlation between calculated and measured temperatures on bo-
rehole profiles [data from Burrus, 1997].
FIG. 5 – Corrélation températures simulées/mesurées sur la bases des pro-
fils de température aux puits disponibles [données, Burrus, 1997].
ward and allowed meteoric water to gradually enter the sys-
tem. This has been verified particularly for the erosion
episode of the Tertiary with dilution of the formation water
by meteoric water in the East. The lower Cretaceous
(136 Ma) is characterised by deposits of detrital and conti-
nental Wealden facies along a corridor linking the London
basin with the Tethys domain [Curnelle and Dubois, 1986 :
Guillocheau et al., 2000]. A probable topographical gradi-
ent would have allowed the transition from a continental
domain in the NW to a marine one in the SE. This topogra-
phy also permits meteoric water to enter from the NW,
bending the salinity contour lines as illustrated by figure 6.
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FIG. 6. – Evolution of salt concentrations in g/l calculated by the model at various stages. The grey lines show the boundaries of the geological layers in
the model (fig. 3).
FIG. 6. – Évolution de la concentration en sel en g/l calculée par le code à différentes étapes. Les traits gris limitent les couches géologiques du modèle
(fig. 3).
Although the mechanisms involving the topography and
the circulation in the layers may explain the salinity in-
crease in the Keuper, the same is not true for the Dogger.
The source of the salt in this aquifer must also be sought in
the Keuper layers [Matray et al., 1989 ; Matray and Fontes,
1990 ; Worden and Matray, 1995] but the brines must be
brought several hundred meters higher up in the strati-
graphic column. The presence of salt results in density vari-
ations where the dense fluids are found at the bottom of the
basin. The migration would require the water in the Keuper
to be under sufficient pressure and/or circulation to occur
along faults as proposed by some authors [Matray et al.,
1989 ; Bril et al., 1994]. Thus, massive upward salt trans-
port by vertical leakage alone would mean the existence of
a very strong pressure gradient between the Keuper and the
Dogger which does not appear in the modelled evolution of
the basin. An increase in pressure created by a barrier effect
of the faults without any “opening” in the area of the Seine
and Saint-Martin de Bossenay faults (the Keuper being
placed opposite the Lias) from the middle Jurassic is not
sufficient to allow the brines to move upwards. A possible
explanation of this migration would be the assumption of a
one-order-of-magnitude increase in the vertical permeabil-
ity of the aquitards underneath the Dogger, at the Bray fault
[Bril et al., 1994], from the lower Tertiary, although the
stress conditions suggest a dominant strike-slip component.
The topographical effect and the effect of the Bray fault
are shown in figure 7 which represents the salinity and tem-
perature evolution over time for the two meshes of the
Dogger and the Keuper (respectively, d1 and k1, fig. 1).
Thus, the high-salinity episodes of the Keuper are associ-
ated with the two erosion and tilting periods of the basin.
This simulation scenario assumes that during the Tertiary,
erosion was null in the central part of the basin and that the
Bray fault was opened from the beginning of the Tertiary
due to the increase by one order of magnitude of the vertical
permeability in the Lias aquitards. Point d1 marks the zone
of maximum basin thickness. At the end of the period of
erosion, which does not affect this zone, the calculated sa-
linity increases because of the upward circulation of the
brines along the Bray fault which might explain the in-
creased head in the systems. The circulation through the
Bray fault from the Keuper aquifer to the Dogger is there-
fore a “short-cut” for the westward migration of the salt in
the Keuper and is characterised by a sudden decrease of the
salinity at point 1k at 50 Ma (fig. 7). Then, the salinity of
the two aquifers decreases or remains stable at low values
with the renewed sediment deposition in the Tertiary and a
return to a compaction flow regime that diverges from the
centre of the basin before progressively reaching, at the end
of the Miocene, a hydraulic regime and salinity close to
those of the present.
Although, over time, the advective component may be
the dominant one in the salt transport and the explanation
for the salinisation periods, it seems to be less so for the
heat transport. At present, convection is strongest in the up-
per aquifers of the Paris basin with a dissipation that may
amount to 20 % of the basal thermal flux [Demongodin,
1992]. Figure 8 shows a thermal state during the simulation
which is relatively stratified except in the periods when the
topography is more contrasted suggesting a non-zero con-
vective component which perturbs this trend. This is the
case, for example, of the two tilting episodes taken into ac-
count in the model, i.e., 112 Ma and 50 Ma as well as the
136 Ma period. The bending of the thermal contour lines at
65 Ma also illustrates this ; it occurs in a zone of conver-
gence by fluids from the topographical margins which are
higher and/or have a thinner sedimentary cover where the
temperature therefore is fairly low.
Excluding the assumption of a variation in the geother-
mal fluxes [not supported by the geodynamics, Prijac et al.,
2000], the period most likely to explain the higher tempera-
tures recorded by the fluid inclusions in the cements of the
Keuper and Dogger aquifers is the end of the chalk deposi-
tion and the beginning of the tilting and erosion in the Ter-
tiary. On the one hand, the maximum burial, which was
doubtless reached when the chalk was deposited, resulted in
higher temperatures by simply insulating the areas which,
today, are partly exposed by erosion (fig. 8, 65 Ma). The ef-
fect might have been an increase of up to 15 oC. The simu-
lations presented here did not take into account the
increased thickness at the centre proposed by Demars and
Pagel [1994]. On the other hand, during this period, the ba-
sin uplift and erosion began and led to a gravity-driven flow
of the fluids with convective heat transport parallel to the
strata from the deep zones towards the shallower ones while
allowing cooler surface water to flow from the eastern and
southern margins toward the centre. This was proposed in
an earlier study [Gaulier and Burrus, 1998] and was sub-
jected to sensitivity tests which confirmed the estimate by
the authors of a convective effect with a temperature differ-
ence of up to 15 oC (of convective cooling) between this pe-
riod and the maximum burial.
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FIG. 7. – Evolution of the temperature and salinity at two points : d1
(Dogger) and k1 (Keuper) (locations in fig. 1). The erosion periods taken
into account in the model are shown in grey on the bottom bar and the pe-
riods of the opening of the Bray fault are in black.
FIG. 7. – Évolution de la température et de la salinité en deux point d1
(Dogger) et k1 (Keuper) (localisation cf. figure 1). Les périodes d’érosions
prises en compte dans le modèle sont figurées en gris sur l’échelle et les
périodes d’ouverture de la faille de Bray en noir.
CONCLUSIONS
The 3D model proposed in this study reproduces the various
processes at work in the course of the geological history of
the Paris basin. Among them, the fluid flow greatly influ-
ences the geometry through compaction and salt and heat
transport via the advective term of the transport equations.
The modelling makes it possible to propose an overall,
regionalised framework for the major diagenetic events in
the basin which are recorded in the cements of the Dogger
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FIG. 8. – Evolution of the temperature in oC calculated at different stages. The grey lines show the boundaries of the geological layers in the model
(fig. 3).
FIG. 8. – Évolution de la température en oC calculée par le code à différentes étapes. Les traits gris limitent les couches géologiques du modèle (fig. 3).
and Keuper aquifers. We propose that a major diagenetic
event occurred, not in the early Cretaceous as previously
suggested but in the late Cretaceous/early Tertiary for ther-
mal reasons (temperature maximum at the end of the chalk
deposition) and for reasons linked to the salt transport (hy-
drodynamic conditions favouring a salinisation of the
Dogger and Keuper aquifers during the Tertiary). The mod-
elling highlights the dominant role of fluid circulation in
salt migration and stresses the influence of gravity-driven
flow on the salinisation of the Keuper and the probable hy-
drodynamic role of, in particular, the Bray fault for that of
the Dogger. The convective effect is doubtless weaker on
the thermal evolution of the basin but heat is nevertheless
dissipated by convection when the basin is tilted in the early
Tertiary. The advective component of the heat transport then
becomes non negligible and considerably perturbs the gen-
erally fairly stratified thermal regime. The period including
the end of the chalk deposition, the tilting and the beginning
of the Tertiary erosion seems to be crucial in the basin evo-
lution. A previous 2D modelling had identified this period
as the oil window when hydrocarbons were generated in the
basin and started to migrate quite rapidly [Burrus, 1997].
This study adds to the previous modelling by providing ar-
guments in favour of a major diagenetic event at this time. It
also emphasises the importance of taking into account the
paleotopographic variations during the geologic history of
the Paris basin. The tilting of the basin induces gravity-
driven flow by increasing the aquifer heads. Thus, it per-
turbs the hydrodynamic regime of the basin which, without
these head increases, is dominated by compaction flow.
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